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↑ What is "already known" in this topic: {#box1}
========================================

In 2017, American College of Cardiology (ACC) and the American Heart Association (AHA) presented a new guideline for assessment of blood pressure in adults. However, the prevalence of hypertension in Iranian population is unclear according to the ACC/AHA 2017 guideline.

→ What this article adds: {#box2}
=========================

The findings of this study indicated that adopting the 2017 ACC/AHA guidelines showed a higher prevalence of adult hypertension (48.2%) in Iran. Prevalence of hypertension in men was higher than in women. This prevalence was steadily increased by age in older adults in both sexes.

Introduction {#s1}
============

Hypertension is one of the major health concerns in developing countries, especially among the adult population ([@R1]-[@R3]). It has been predicted that by the year 2025, 75% of hypertensive patients will be from developing countries ([@R4]). In 2017, a new guideline for prevention, detection, evaluation, and management of high blood pressure in adults was published by the American College of Cardiology and the American Heart Association (ACC/AHA) ([@R5]). In their guideline, blood pressure (BP) was classified in 4 categories of nor mal, elevated, and stage 1 and 2 hypertension.

In the new definition of ACC/AHA, the threshold for the definition of elevated blood pressure and hypertension is 10 mmHg lower than the definition of the Joint National Committee for Prevention, Detection, Evaluation and Treatment of High Blood Pressure (JNC 7, 2004) guideline ([@R6]). This new classification can identify people who are prone to hypertension at an early stage of the disease, which reduces the burden of disease and improves the effectiveness of preventive measures.

As a result of these new guidelines, there have been obvious changes in the prevalence of hypertension among adults around the globe. For instance, in a study by Muntner et al, the proportion of adults in the US with high BP increased from 31.9% to 45.6% ([@R7]). In another study, Khera et al found an increase in the prevalence of hypertension by 26.8% in the US and 45.1% in China in adults aged 45 to 75 years ([@R8]).

Iran is a developing middle Eastern country with a population of over 80 million, with diverse cultures, socioeconomic status, and lifestyle, which are all factors that affect hypertension ([@R9]). According to a 2011 survey, 25.8% and 27.6% of Iranian men and women had hypertension, respectively ([@R2]). For most Iranian adults, diet is a major risk factor followed by high BP and overweight ([@R10]). Hence, the aim of this study was to assess the impact of diet on the prevalence of hypertension in Iranian adults using the new ACC/AHA guidelines. This will go a long way to better guide future health policy interventions in managing hypertension.

Methods {#s2}
=======

Study design and participants {#s2-0-1}
-----------------------------

In this cross sectional study, data from 9801 Iranian adults aged 20--69 years were obtained from the sixth round of National Surveillance of Risk Factors of Non-Communicable Diseases (SuRFNCD) performed in 2011 by the Iranian Center for Disease Control and Prevention ([@R11]). Institutionalized people (such as soldiers and hospitalized patients) and nomadic tribes were excluded from the study. Data were obtained through a nationwide survey across all 31 provinces of non-hospitalized and non-institutionalized population of Iran. Briefly, a 4-stage-sampling scheme was used to collect data on 6- to 70-year-old Iranians. Provinces were taken as primary sampling units (first stage) and villages or cities as secondary sampling units (second stage) in this survey. Then, random 10-digit postal codes were selected from each secondary sampling unit (third stage). Finally, the participants were selected using KISH method (fourth stage). Ethic Committee of Tehran University of Medical Sciences approved the protocol of the present study. In this study, the researchers adhered to Helsinki declaration.

Measurement and classification of blood pressure {#s2-0-2}
------------------------------------------------

In National Surveillance of Risk Factors of Non-Communicable diseases, blood pressure measurements were done twice with 1-minute interval, and their average values were used to reduce bias. Mercury sphygmomanometer was used to measure BP after a relaxation period of 5 minutes. A 40% arm length covering 80% to 100% of the full arm was used as the bladder width. Afterwards, the cuff was deflated by positioning the stethoscope on the brachial artery as well as increasing the bladder pressure by 30 mmHg. Systolic blood pressure (SBP) was determined by the first Korotkoff (K1) sound, while the fifth represented the diastolic blood pressure (DBP) ([@R1]).

From the SuRFNCD 2011 dataset, information on demographic characteristics (age and sex) and BP measurements of those aged 20-69 years was extracted to classify participants as having either normal, elevated, or stage 1 or 2 hypertension. These classifications were based on the 2017 ACC/AHA guidelines on prevention, diagnosis, evaluation, and management of hypertension in adults ([Table 1](#T1){ref-type="table"}) .

###### New blood pressure categories in adults according to ACC/AHA guidelines

  -------------- ----------------------------------------------------
  Category       Definition

  Normal         SBP\<120 mmHg and DBP\<80 mmHg

  Elevated       SBP between 120-129 mmHg and DBP\<80 mmHg

  Hypertension   

  \              SBP between 130-139 mmHg or DBP between 80-89 mmHg
  - Stage 1      

  \              SBP≥140 mmHg or DBP ≥90 mmHg
  - Stage 2\     
  -------------- ----------------------------------------------------

SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure

Statistical analysis {#s2-0-3}
--------------------

The number and percentage of individuals were computed according to gender and age groups. Because of the sampling scheme, weighted analysis was employed and the individual's sampling weights were computed by multiplying the selection probabilities in each step of the survey. The prevalence of blood pressure categories and its associated 95% confidence intervals (95% CIs) within the age groups were estimated for men and women using complex sample survey analysis. All analyses were performed in Stata/SE 14.0 (StataCorp, College Station, TX, USA).

Results {#s3}
=======

In this study, data on 9801 participants, 3999 (40.8%) men and 5802 (59.2%) women, were assessed. Participants' age ranged from 20 to 69 years. The number (percentage) of study population according to age groups and sex is given in [Table 2](#T2){ref-type="table"}.

###### Sample size according to age and sex; SuRFNCD-2011

  -------------- ------------- ------------- --------------
  Age (group)\   Men\          Women\        Total\
  Years          n (%)         n (%)         N (%)

  20-24          618 (50.3)    757 (49.7)    1375 (100.0)

  25-29          552 (52.0)    803 (48.0)    1355 (100.0)

  30-34          418 (48.1)    606 (51.9)    1024 (100.0)

  35-39          307 (50.4)    478 (49.6)    785 (100.0)

  40-44          300 (51.4)    469 (48.6)    769 (100.0)

  45-49          212 (49.3)    435 (50.7)    647 (100.0)

  50-54          303 (50.9)    549 (49.1)    852 (100.0)

  55-59          630 (50.2)    633 (49.8)    1263 (100.0)

  60-65          382 (46.5)    575 (53.5)    957 (100.0)

  65-69          277 (47.9)    497 (52.1)    774 (100.0)

  Total          3999 (40.8)   5802 (59.2)   9801 (100.0)
  -------------- ------------- ------------- --------------

Using the ACC/AHA categories, the prevalence of stage 1 and 2 hypertension was found to be 29.6% and 18.6%, respectively, in Iranian adults (The overall prevalence of hypertension was 48.2%). Furthermore, 13.1% of the participants had elevated hypertension while only 38.7% had normal blood pressure.

[Table 3](#T3){ref-type="table"} shows the prevalence of hypertension in Iranian men according to age groups. Based on the results, 52.0% of the male population were estimated to be hypertensive. Of them, 32.9% (95% CI: 29.9-36.0) and 19.1% (95% CI: 16.9-21.6) had stage 1 and 2 hypertension, respectively. The prevalence of stage 2 hypertension was higher in older men (45 years and older) compared to the younger age groups. However, the prevalence of stage 1 hypertension was not significantly different across age groups.

###### Prevalence^\*^ \[95% confidence interval\] of new blood pressure categories in Iranian men; SuRFNCD-2011

  ------------ ---------------- ---------------- ---------------- ---------------- --------------
  Age group\   Normal\          Elevated\        Hypertension     Total (%)        
  (years)      n (%)\           n (%)\                                             
               \[95%CI\]^\*^    \[95%CI\]                                          

  Stage 1\     Stage 2\                                                            
  n (%)\       n (%)\                                                              
  \[95%CI\]    \[95%CI\]                                                           

  20-24        234 (36.3)       126 (20.5)       189 (33.2)       69 (10.1)        618 (100.0)

               \[31.5, 41.4\]   \[17.0, 24.4\]   \[29.0, 37.6\]   \[7.36, 13.6\]   

  25-29        198 (38.9)       103 (18.4)       186 (32.6)       65 (10.0)        552 (100.0)

               \[33.4, 44.8\]   \[13.6, 24.5\]   \[27.6, 38.0\]   \[7.0, 14.1\]    

  30-34        158 (37.7)       64 (14.8)        140 (34.3)       56 (13.2)        418 (100.0)

               \[31.8, 44.0\]   \[12.0, 18.2\]   \[28.7, 40.4\]   \[9.8, 17.5\]    

  35-39        100 (35.8)       54 (17.2)        100 (31.5)       53 (15.5)        307 (100.0)

               \[26.6, 46.2\]   \[12.1, 23.9\]   \[25.1, 38.7\]   \[11.9, 20.0\]   

  40-44        82 (25.4)        47 (15.8)        114 (39.6)       57 (19.3)        300 (100.0)

               \[20.5, 31.0\]   \[11.0, 22.0\]   \[32.1, 47.5\]   \[14.3, 25.4\]   

  45-49        58 (24.2)        23 (12.2)        70 (31.6)        61 (31.9)        212 (100.0)

               \[18.0, 31.7\]   \[7.98, 18.4\]   \[26.2,37.7\]    \[25.4 ,39.1\]   

  50-54        49 (16.0)        28 (8.3)         100 (31.2)       126 (44.5)       303 (100.0)

               \[11.7, 21.5\]   \[5.14, 13.2\]   \[24.7, 38.5\]   \[37.4, 51.9\]   

  55-59        115 (18.2)       81 (12.5)        182 (29.1)       252 (40.1)       630 (100.0)

               \[14.9, 22.2\]   \[9.9, 15.7\]    \[25.0, 33.7\]   \[36.0, 44.4\]   

  60-64        63 (17.6)        62 (18.1)        104 (27.7)       153 (36.7)       382 (100.0)

               \[12.8, 23.7\]   \[13.7, 23.5\]   \[21.7, 34.7\]   \[30.8, 43.0\]   

  65-69        35 (12.4)        25 (8.8)         71 (25.1)        146 (53.7)       277 (100.0)

               \[8.06, 18.6\]   \[5.5, 13.7\]    \[17.6, 34.5\]   \[44.1, 63.0\]   

  Total        1092 (31.5)      613 (16.5)       1256 (32.9)      1038 (19.1)      3999 (100.0)

               \[28.4, 34.7\]   \[14.4, 18.9\]   \[29.9, 36.0\]   \[16.9, 21.6\]   
  ------------ ---------------- ---------------- ---------------- ---------------- --------------

\*Weighted analysis; CI: Confidence interval.

[Table 4](#T4){ref-type="table"} shows the prevalence of hypertension in Iranian women according to age groups. Overall, about 44.3% of the female population had hypertension. Of them, 26.3% (95% CI: 24.5-28.2) had stage 1 and 18.0% (95% CI: 16.1-20.1) stage 2 hypertension. Similar to the men, the prevalence of stage 2 hypertension also increased in women with age. Moreover, the prevalence of stage 1 hypertension was close across age groups except for 20-24 age group, which was slightly lower. The comparison between the prevalence of stage 1 and 2 hypertension across the age groups in both sexes showed a higher prevalence in men ([Tables 3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}).

###### Prevalence^\*^ \[95% confidence interval\] of new blood pressure categories in Iranian women; SuRFNCD-2011

  ------------ ---------------- ---------------- ---------------- ---------------- --------------
  Age group\   Normal\          Elevated\        Hypertension     Total (%)        
  (years)      n (%)\           n (%)\                                             
               \[95%CI\]^\*^    \[95%CI\]                                          

  Stage 1\     Stage 2\                                                            
  n (%)\       n (%)\                                                              
  \[95%CI\]    \[95%CI\]                                                           

  20-24        513 (68.4)       72 (10.0)        146 (18.3)       26 (3.3)         757 (100.0)

               \[63.4, 73.1\]   \[7.31, 13.7\]   \[15.1, 22.0\]   \[2.08, 5.07\]   

  25-29        464 (56.5)       61 (8.2)         220 (27.7)       58 (7.6)         803 (100.0)

               \[51.7, 61.3\]   \[5.83, 11.3\]   \[23.3, 32.7\]   \[5.9, 9.7\]     

  30-34        304 (47.8)       58 (9.2)         166 (30.5)       78 (12.4)        606 (100.0)

               \[42.2, 53.5\]   \[6.36, 13.3\]   \[25.2, 36.4\]   \[9.6, 15.9\]    

  35-39        207 (44.1)       44 (8.2)         137 (28.6)       90 (19.1)        478 (100.0)

               \[38.2, 50.1\]   \[5.54, 12.1\]   \[24.8, 32.7\]   \[14.9, 24.1\]   

  40-44        153 (33.7)       57 (11.4)        137 (28.4)       122 (26.5)       469 (100.0)

               \[28.3, 39.5\]   \[8.24, 15.7\]   \[24.2, 33.0\]   \[21.8, 31.9\]   

  45-49        118 (25.6)       49 (10.9)        131 (31.5)       137 (31.9)       435 (100.0)

  50-54        113 (20.5)       57 (10.4)        168 (32.2)       211 (36.8)       549 (100.0)

               \[16.6, 25.1\]   \[7.02, 15.1\]   \[24.7, 40.8\]   \[29.5, 44.9\]   

  55-59        110 (16.6)       58 (8.8)         181 (29.5)       284 (45.1)       633 (100.0)

               \[13.3, 20.5\]   \[6.25, 12.2\]   \[25.7, 33.6\]   \[39.7, 50.6\]   

  60-64        91 (16.2)        53 (9.5)         159 (28.5)       272 (45.9)       575 (100.0)

               \[12.5, 20.7\]   \[6.73, 13.1\]   \[23.7, 33.8\]   \[41.6, 50.2\]   

  65-69        64 (13.3)        45 (9.4)         131 (26.6)       257 (50.7)       497 (100.0)

               \[9.76, 17.9\]   \[6.71, 13.0\]   \[21.1, 33.0\]   \[44.3, 57.0\]   

  Total        2137 (46.1)      554 (9.6)        1576 (26.3)      1535 (18.0)      5802 (100.0)

               \[42.8, 49.5\]   \[7.86, 11.7\]   \[24.5, 28.2\]   \[16.1, 20.1\]   
  ------------ ---------------- ---------------- ---------------- ---------------- --------------

^\*^Weighted analysis; CI: Confidence interval.

The prevalence of elevated BP, stage 1 and 2 hypertension, for men and women is presented in [Figure 1](#F1){ref-type="fig"}. The prevalence of elevated BP in men has decreased from 20 years (20.5%) to 65 years (8.8%). However, in women, the prevalence of elevated BP remained roughly constant in 20-69 age group. The prevalence of stage 1 hypertension in men and women almost follows the same pattern. This prevalence remains roughly constant in both sexes aged 20-69 years. Only an increase in the prevalence of stage 1 hypertension occurs in men aged 40-44 years.
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Prevalence of stage 2 hypertension was different in men and women. The prevalence of stage 2 hypertension was 10.1% in men aged 20 to 24 years, which increased to 44.5% in 50-54 age groups. However, this prevalence decreased to 40.1% and 36.7% in 55-59 and 60-64 age groups, respectively. Then, it increased to 53.7% in those aged 65-69 years. Unlike men, in women, the prevalence of stage 2 hypertension had a steady increase in women. The prevalence of stage 2 hypertension was 3.3% in women aged 20-24 years, which raised to 45.1% in 55-59 age group and 50.7% in 65-69 age group.

Discussion {#s4}
==========

For the first time, the findings of this study, based on ACC/AHA guidelines, showed that the prevalence of hypertension in men and women is higher than previous estimates in Iran. Overall prevalence of hypertension in Iranian men and women was 52.0% and 44.3%, respectively. By contrast, according to the JNC-7 guidelines, the prevalence of hypertension in men and women was 25.8% and 27.6%, respectively ([@R2]). In addition, about 16.5% of men and 9.6% of women were categorized as having elevated blood pressure who are prone to hypertension. The prevalence of hypertension in men and women follows a different pattern according to age. The prevalence of hypertension in women up to the age of 55 years was lower than men, while in ages older than 55, the prevalence was similar in both sexes.

The ACC/AHA guideline presented in 2017 caused considerable changes in the report of prevalence of hypertension in communities. In the United States, the prevalence of stage 1 and 2 hypertension was 48% and 31% in men and 43% and 32% in women, respectively ([@R5]). According to the findings of this study, the prevalence of hypertension in the United States is far higher than the Iranian population. The prevalence of stage 1 and stage 2 hypertension in Iranian men and women was 32.9%, 19.1%, and 26.3% and 18%, respectively. These values were similar to those in other Asian countries such as Nepal ([@R12]) and Bangladesh ([@R13]), with the prevalence of stage 1 hypertension in men varying from 25.2% and 27.8% and in women from 23.4% to 29%, respectively. This range for stage 2 hypertension was 16.2% to 23% and 25.5% to 16%, respectively ([Fig. 2](#F2){ref-type="fig"}).
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Identifying at-risk individuals is highly important in primary prevention. Therefore, the AHA / ACC 2017 guideline defined a more sensitive cutoff for elevated blood pressure than JNC-7 report. In Iran, 16.5% of men and 9.6% of women have been classified as having elevated blood pressure, which is higher than Nepal (5.4% in men and 2.9% in women) and Bangladesh (5.2% in men and 4.9% in women) ([Fig. 2](#F2){ref-type="fig"}). It seems that the prevalence of hypertension in Iran is higher than low-income countries and lower than high-income countries.

The reason for the difference in the prevalence of hypertension in men and women by age can be attributed to their physiological differences. At premenopausal ages (50 years or less), estrogen secretion causes women to have lower blood pressure than men. However, at menopause, the decrease in the level of estrogen reduces its protective effect on blood pressure ([@R14]).

Zero or 5 end-digit preference is one of the most common errors in most large-scale surveys ([@R15]). The prevalence of this error is very high in the assessment of BP. For example, in a study on 16 433 individuals in China, the prevalence of zero end-digit preference was found to be 52.5% and 63.5% for SBP and DBP, respectively ([@R16]). These values were 64% and 62%, respectively, in another study in New Zealand ([@R17]). However, in SuRFNCD 2011 in Iran, which was used in this study, zero end-digit preference was only 16.1%. Using a national data from Iran is one of the strengths of this research. In addition, this study was one of the few reports in a developing country which used ACC/AHA 2017 guideline to assess hypertension. Also, in the analysis of the present data in estimation of new BP categories in adults, the weighted analysis of the data was undertaken because of sampling scheme. This strategy provided a more accurate estimate of the prevalence of hypertension.

One of the limitations of the present study was the use of data collected in 2011, as the blood pressure status in Iran may have changed since then. However, in a previous study, it was found that the prevalence of hypertension in Iran over 1999, 2003, 2007, and 2011 did not change significantly ([@R2]). Therefore, one might assume that even the amount of change from 2011 up to now (2018), is negligible and the results of this study can be used by health authorities in the country.

Conclusion {#s5}
==========

This study revealed that adopting the 2017 ACC/AHA guidelines provided a new prevalence of adult hypertension (48.2%) in Iran. In this study, men were more hypertensive compared to women. In addition, the prevalence was higher in older adults irrespective of sex. This new prevalence is higher compared to that of previous studies which were done based on the JNC-7 guidelines. To decrease this alarming increase, urgent measures, such as effective health policies, healthy and positive change in lifestyle, proper diet, regular exercise, sensitization and awareness programs, and regular medical check-ups are highly recommended.
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